To evaluate whether a relationship exists between insuessential hypertensive group compared with controls; in renovascular hypertensive patients 2 h after glucose linaemia (increased in essential hypertension) and endothelin level, we determined insulin and endothelinadministration the analogous difference was not statistically significant (P Ͻ 0.05 fasting; P Ͻ 0.01 after 1 h). 1-like (ET-1-Li) immunoreactivity in blood serum by radioimmunoassay (RIA) in essential (EH, n ‫؍‬ 64) and
Introduction
and AII plays a significant role in the pathophysiolPatients with essential hypertension create a heterogy of not only renovascular but also essential ogenic group. Most of these patients show insulinhypertension. AII stimulates the expression of messresistance and compensatory hyperinsulinaemia. [1] [2] [3] [4] [5] enger ribonucleic acid (mRNA) for ET and its Many authors suppose that hyperinsulinaemia plays release; ET, in turn, stimulates the angiotensin-cona significant role in the pathogenesis of essential verting enzyme. Thus, there is feedback between ET hypertension. Recently, particularly in patients with and AII. Captopril has been proved to inhibit the hypertension, much attention has been devoted to development of hypertension evoked by ET adminthe role of endothelium as an organ synthesizing istration in rats. Hu et al 13 have demonstrated that vasoactive substance, [6] [7] [8] [9] [10] [11] including endothelin (ET). a high level of insulin in blood serum causes an ET is the strongest known vasoconstrictor, 10 which increased concentration of mRNA for ET as well as is released under the influence of various factors:
an increased release of ET by endothelium. Quite a angiotensin II (AII), thrombin, vasopressin, endodifferent option has been expressed by Metsarinne thelium derived relaxing factor (EDRF-NO), low et al, 14 who have failed to demonstrate the changes density lipoproteins (LDL), triglycerides (TG), as of ET concentration after the intravenous adminiswell as physical factors, such as dilatation of the tration of insulin to 23 healthy volunteers, while an vessel wall. In renovascular hypertension (RVH), an increase in ET secretion occurred after adminisincrease in the activity of the renin-angiotensintering insulin in the in vitro conditions. An increase aldosterone (RAA) system probably induces an in ET concentration following intravenous insulin increased release of ET. 
Materials and methods

Blood pressure measurement Subjects
For examination, those patients with essential hypertension whose systolic BP was у160 mm Hg, The study was conducted on 33 males (M) and 31 and diastolic BP was у100 mm Hg were selected. females (F) with essential hypertension, 14 M and BP was taken as the mean of at least two different 22 F with RVH, as well as 44 healthy subjects (20 M measurements in the morning of three separate days and 22 F) constituting the control (C) group. Anthroperformed by the same person, on the same pometric measurements were taken in all the subextremity, always by the same mercury sphygmojects to determine body mass index (BMI). The subjects were selected in such a way that mean BMI values and average age were not significantly different across the groups (Table 1) . and diuretics was similar in both groups of patients with hypertension (Table 2) . Antihypertensive drugs
were stopped 36 h before the planned examination, manometer, preceded by a 5 min rest in a sitting
The levels of ET-1-Li in blood serum were significantly higher in both groups of patients with hyperposition.
tension than in the control group. However, significantly higher concentrations in the group with Biochemical determinations essential hypertension were obtained throughout the test (in fasting state, after 1 h, and after 2 h), Circulating levels of insulin were determined by radioimmunoassay (RIA) using the Ares SERONO while there was no significant difference 2 h after loading when comparing RVH to the control group kits (Biodata Spa, Rome, Italy). This assay has a 13% cross-reactivity with proinsulin. Immunoreactive ET ( Table 3) . The levels of ET-1-Li, 1 and 2 h after loading (ETlevels were determined by RIA using the Amersham kits (ET-1,2 high sensitivity assay system, with 1-Li 1 , ET-1-Li 2 ) in the essential hypertensive group were significantly higher than those in the RVH Amerlex-M magnetic separation, Amersham, UK).
group. The levels of ET-1-Li in the fasting state (ET-1-Li 0 ) were similar in the essential and renovascular Measurement of ET-1-Li: Plasma samples collected into tubes containing EDTA and aprotinin, were hypertension groups. The ET-1-Li levels in patients with hypertension were not dependent on the stage acidified by addition of 2 mol/L HCI (1:0.25 mL), centrifuged at 10 000 g for 5 min at room temperaof hypertension. ET levels in blood serum increased and decreased ture and loaded on an ethyl silica minicolumn (Amerprep C2, 500 mg Amersham) that had been in parallel to the changes in insulin concentrations in blood serum during the OGTT in all the groups equilibrated by washing with methanol (2 mL) followed by deionized water (2 mL) before the loading.
under investigation (Figure 1 ). The degree of increase in insulin and ET-1-Li concentrations were Each column was washed with 5 mL of 0.1% (vol/vol) trifluoroacetic acid and eluted with 2 mL of statistically significant for both the RVH and control groups ( Figure 1 ). Analogous changes for the essen-0.1% (vol/vol) trifluoroacetic acid in 80% (vol/vol) methanol. The eluate was dried under vacuum cential hypertension group were statistically significant after 1 h following glucose administration, while the trifugation into polypropylene tubes. The extracts were dissolved in 0.25 mL of 20 mmol/L phosphate difference between ET-1-Li 2 and ET-1-Li 0 for this group was on the border of the significance level (P buffer, pH 7.0, containing 10% Block Ace, 400 mmol/L NaCl, and 2 mmol/L EDTA. ET-1-Li was = 0.06) (Figure 1 ). We found positive correlations between insulin and ET-1-Li concentrations during measured by RIA using a commercial kit (ET-1,2-high sensitivity assay system, Amersham). The senthe OGTT for each investigated group. For patients sitivity of the assay was 5 pg/ml. Assay range was 6.2-800 pg/ml. The cross-reactivities for the assay with ET-1, ET-2, human Big ET-1 were 100%, 1305% and 189%, respectively. The cross-reactivity with ET-3 was Ͻ 0.39%.
Glucose concentration was determined by an enzymatic method. PRA was determined by RIA using the Inc Star Corporation kits (Inc Star Corporation, MN, USA).
Statistical analysis
Statistical analysis was done with the help of Wilcoxon's test for non-parametric data, and by calculating Spearman's correlation coefficients with the Statographic Statistical Graphic System computer program. All the data were represented as an arithmetical mean ± s.e.m. Results were considered statistically significant if P Ͻ 0.05.
Results
Insulin concentrations during the whole OGTT (in the fasting state, after 1 and 2 h) were significantly higher in patients with essential hypertension than in ones with RVH and in the control group. The insulin levels in patients with RVH and in the control group were similar ( Table 3) .
The concentrations of glucose after fasting, and 1 and 2 h after loading (G 0 , G 1 and G 2 ) in patients with was no significant difference (Table 3) .
with essential hypertension the correlations similar in all the investigated groups. Schiffrin et obtained were, respectively, r = 0.6578, P Ͻ 0.05, al 29 claim that the differences in the results obtained 1 h after glucose administration, while after 2 h the by various authors may be influenced by the kind of correlation was on the border of significance level (r antibodies used for marking. (Schiffrin et al 29 = 0.5227, P = 0.06). In the control group, an analomarked only the ET-1 level; Nakajima et al 30 and our gous correlation after 1 h was r = 0.5465, P = 0.054, investigations marked the level of ET-1-Li). Perhaps and 2 h after glucose load it was r = 0.4265, P = 0.07; fast metabolism of ET-1 is the reason for difficulties in the RVH group the correlations were not signifiin determining it. Takagi et al 31 also doesn't declare cant, probably due to the small number of patients for the role of ET in the pathogenesis of essential investigated. Creatinine concentrations were similar hypertension. They showed that an intravenous in all the groups (Table 3) . PRA level was the highest administration of gamma-globulin anti-ET does not in the RVH group (P Ͻ 0.0001 vs control; P Ͻ 0.01 cause inhibition in the development of hypertension vs essential hypertensive) ( Table 3) .
in spontaneous hypertensive rats. However, a significant increase of ET concentration in the blood serum of patients with essential hypertension comDiscussion pared to the control group was reported by Saito et An elevated insulin level in the blood serum of al. 32 These authors have found an ET-1-Li level in patients with essential hypertension has been the fasting state equal to 30.4 ± 4.1 pg/ml in 21 demonstrated by many authors, both in lean patients with hypertension, while in healthy subpatients 2, 3, 16, 17 and in obese ones, 18 regardless of the jects it equalled 18.5 ± 0.9 pg/ml; P Ͻ 0.01. Nakajima age of subjects. 1, 5, 19, 20 Above observations refer to et al 30 have also found an increased level of ET-1-both treated 21-23 and untreated 2,3,21-26 patients with Li in patients with essential hypertension in blood essential hypertension. Heightened insulin levels serum and in cerebrospinal fluid compared to the were also reported in the border hypertension 24 and control group (P Ͻ 0.05 according to cerebrospinal in 'white-coat' hypertension. 25 Singer et al 17 monifluid).
Miller et al 33 have demonstrated that an intratored the levels of insulin and glucose for 24 h in venous ET infusion (50 ng/kg/min) raises the BP in lean patients with mild hypertension and in lean dogs, while Zimmerman et al 34 have shown that the healthy subjects. Insulin concentration was signifiblockade of ET-A receptor induces a significant cantly higher in patients with essential hypertension decrease in the mean BP in rats. The ET level in the in each determination.
fasting state in nine patients with RVH and seven Some authors report comparable insulin levels in patients with essential hypertension, as well as in the fasting state in hypertensive and healthy people, seven healthy people, was investigated by Poch et while higher insulin concentrations in patients with al. 35 These researches have observed an increased hypertension only after the glucose load. 5, 27 ET level only in patients with RVH (P Ͻ 0.05 vs Few reports comparing insulinaemia in the fasting essential hypertension and P Ͻ 0.001 vs controls). state in essential and renovascular hypertension The differences in results described above can be have been published in the recent literature so far.
explained by different reagents used for determining Among them are the articles by Marigliano et al 26 ET (different degrees of cross reaction with ET-1, and Shamiss et al. 28 The former article describes a ET-2 and ET-3). Saito et al 32 determined ET-1-Li study which comprised healthy people, patients immunoreactivity using monoclonal antibody. Cross with hypertension and 12 patients with RVH. In reaction with ET-2, ET-3 and big-ET was 100%, 60% both groups hypertension had been recently diagand 100% respectively, in their study. Nakajima et nosed and untreated. In patients with essential al 30 also determined ET-1-Li activity. In their study hypertension a significantly higher level of insulin cross reaction with ET-3 and big-ET was 0.3% and was reported, as in our study, when compared to the 38% respectively. Schiffrin et al 29 determined ET-1. control (P Ͻ 0.01) and to the RVH (P Ͻ 0.001)
Cross reaction with ET-3 and big-ET was 7% and groups. Insulin concentrations in the RVH and con-10% respectively, in this study. In our investigation trol groups did not differ significantly.
described above, we had determined ET-1-Li immuShamiss et al 28 examined five patients with hypernoreactivity. Cross reaction with ET-1, ET-2, ET-3 tension, five with RVH and healthy people, using and big-ET was 100%, 1305%, 0.39% and 189% the method of euglycaemic hyperinsulinaemic respectively. clamp technique to assess the degree of tissue resistWe have not found any report devoted to the ance to insulin. In patients with essential hypertenevaluation of the ET level during an OGTT in the sion, the insulin-resistance state was significantly available literature. Our results, which showed a sighigher than those with RVH (P = 0.004).
nificant increase in ET concentration parallel to a In our study of both groups of patients with hypersignificant increase in insulin concentration after tension, the ET-1-Li levels were significantly higher the administration of glucose, and then a parallel when compared to the control group (Table 3) 
